A new antigenic variant of swine influenza virus was isolated from the lungs of pigs experiencing respiratory problems in 7 different swine herds in Quebec. Pigs of different ages were affected, and the main clinical signs were fever, dyspnea, and abdominal respiration. Coughing was not a constant finding of the syndrome. At necropsy, macroscopic lesions included the overall appearance of pale animals, general lymphadenopathy, hepatic congestion, and consolidation of the lungs. Histopathologic findings were mainly proliferative pneumonia with a significant macrophage invasion, necrotic inflammatory cells in the alveoli and the airways, a marked proliferation of type II pneumocytes, and thickening of the alveolar septae. Fluorescent antibody examination of lungs of sick piglets did not demonstrate porcine parvovirus, transmissible gastroenteritis virus, or encephalomyocarditis virus. However, evidence of the presence of an influenza type A infection was demonstrated by indirect immunofluorescence (IIF) staining using monoclonal antibody directed to nucleocapsid protein (NP) of human type A influenza virus. The virus was isolated either by intra-allantoic inoculation of specific-pathogen-free embryonating hens' eggs or propagation in canine kidney (MDCK) cells in the presence of trypsin. By hemagglutination inhibition tests, no cross-reactivity was demonstrated with human influenza H1N1, H2N2, and H3N2 strains, and infected MDCK cells did not react by IIF with monoclonal antibodies to NP protein of type B influenza virus. The hemagglutination activity of plaque-purified isolates was only partly inhibited by hyperimmune serum produced to subtypes A/Wisconsin/76/H1N1 and A/New Jersey/76/H1N1 of swine influenza virus. Gnotobiotic piglets that were infected intranasally with egg-adapted isolates of this new antigenic variant of swine influenza virus developed the very same type of lesions observed in field cases.
epidemic of comparable nature was called "Blue ear disease" or "Porcine reproductive and respiratory syndrome" (PRRS). 16, 24 No significant lesions are found in sows, aborted fetuses, or stillborn piglets, but individuals with clinical respiratory problems may present an unusual type of gross pulmonary lesions; the lungs are often uniformly pinkish grey with a rubbery or meaty texture, and the pulmonary parenchyma looks like thymus. 3, 14 Histologic lesions consist of a catarrhal proliferative and necrotic pneumonia characterized by hyperplasia of type II pneumocytes, infiltration of alveolar septa by mononuclear cells, free necrotic cells in the alveolar lumen, and exudation of proteinaceous material in the alveoli with a tendency to form hyaline membranes. 2,3,14, 23 In Quebec, an influenza type A virus was recovered from lungs of pigs with PNP lesions and has been suggested as the causative agent. 3, 14 The virus has been isolated by serial passages in embryonating hens' eggs and was reported to be serologically unrelated to swine influenza subtypes known in North America. Attempts to isolate an etiological agent from PNP cases in Minnesota and other Canadian provinces have been unsuccessful. 2 , 6 , 23 The purpose of the present study is to report the findings of preliminary studies on the physicochemical, biological, and antigenic characterization of the atypical swine influenza virus isolated in Quebec pig farms and to report on the experimental reproduction of PNP in gnotobiotic piglets infected intranasally with egg-adapted or tissue-culture-adapted isolates of the virus.
Materials and methods
Clinical specimens. Nine isolates of atypical influenza virus were recovered from piglets from 7 pig farms that were experiencing increased frequency of respiratory problems, mainly in nurseries and finishing units. 3 Prior to or concurrent with the respiratory problems, severe reproductive problems (stillbirths, late term abortion, and weak piglets) were demonstrated on 3 of these farms (Table 1) . Specimens from aborted fetuses or sick pigs were submitted by attending veterinarians or were collected by the authors during herd visits. Sera from pregnant sows and convalescent piglets were also obtained from 28 farms located in the same geographic areas in southern Quebec. Portions of lung, spleen, kidney, heart, and brain from dead fetuses or sick pigs were processed for virologic and histologic examination. Ten percent homogenates were prepared in 0.01 M phosphate-buffered saline (PBS) (pH 7.4), using a Sorvall Omnimixer a and were clarified by centrifugation a at 5,000 x g for 20 min at 4 C. The specimens were used immediately for virus isolation or were stored at -70 C.
Cell cultures. Continuous monkey kidney (Vero), b porcine fallopian tube, c swine testicle," and canine kidney (MDCK) b cell lines were used to attempt virus isolation. Cells were grown in 25-75cm 2 tissue culture flasks using culture media described elsewhere. 4, 9 Virus isolations. Aliquots (0.5 ml) of clarified tissue homogenates were inoculated onto confluent cell monolayers. After an adsorption period of 1 hr, the infected cell cultures were rinsed twice with PBS and reincubated at 37 C in culture medium without fetal bovine serum and supplemented with 10 U/ml of bovine trypsin. Cultures were monitored daily for appearance of cytopathic effects (CPE). Subpassages were done at 2-to 5-day intervals, depending on the extent of CPE. Infectivity titers were determined by titration of clarified tissue culture medium using an endpoint dilution procedure and calculation of 50% tissue culture infective doses (TCID 50 ) per 0.1 ml. 8 Two successive passages were also done in 11-day-old specific-pathogen-free (SPF) embryonating hens' eggs inoculated via the allantoic cavity. After a 4-day incubation period at 37 C, the allantoic fluids were harvested, clarified by lowspeed centrifugation, and tested for hemagglutination (HA) activity using rooster erythrocytes. 8 Reference viruses. Egg-adapted reference strains of swine influenza virus A/Wisconsin/49/76/H1N1 and human influenza virus A/Bangkok/H3N2 were used in this study. d These strains were serially propagated in embryonating hens' eggs, as described above. The swine influenza virus isolate IAF-1192 was recovered in 1987 from lungs of sick piglets from a Quebec pig farm that was experiencing an outbreak of chronic influenza-like disease. This isolate was antigenically unrelated to classical swine influenza virus H1N1 and human influenza virus H1N1, H2N2, H3N2 subtypes (Montpetit and Marsolais, unpublished data).
Plaque assay. The technique was done according to Archambault et al. 1 The overlay medium consisted of 0.8% purified agar d in Eagle's minimum essential medium (MEM) containing 2.2 mg NaHCO 3 , 25 µg diethyl-aminoethyl (DEAE)-dextran e 10 U/ml of bovine trypsin f and antibiotics.
Virus purification. Aliquots (100-200 ml) of clarified allantoic fluids from infected embryonating eggs were ultracentrifugedg at 100,000 x g (rotor T30) for 3-4 hr through a cushion of 30% (w/v) sucrose solution prepared in TNE buffer (0.02 M Tris-HC1 [pH 8.0], 0.150 M NaCl, 0.002 M ethylenediaminetetraacetic acid). The pellets obtained were then resuspended in 10 volumes of buffer and layered on top of a discontinuous 30-50% (w/v) sucrose gradient. After 4-5 hr at 100,000 x g (rotor SW27), the opalescent band at the interface between 30 and 50% sucrose solutions was collected, diluted 1:10 in TNE buffer, and-recentrifuged at the same speed for 16 hr on a continuous 20-55% (w/v) sucrose gradient. Fractions were collected, and their optical density at 280 nm and buoyant density were determined. HA activity was also used to monitor the presence of viral particles in fractions of the sucrose gradients.
Electron microscopy. Samples from clarified clinical specimens, clarified infected cell culture supernatants, and fractions from sucrose gradients were spotted on formvarxarbon-coated grids and stained negatively with 2% solution of sodium phosphotungstate (pH 7.0) as previously described. 9 The grids were examined on a Philips EM 300 electron microscope h at a potential of 80 kV.
Antisera. Reference hyperimmune sera to human influenza virus subtypes A/Taiwan/1/86/H1N1, A/Shangai/11/ 87/H2N2, AIBangkok/H3N2, B/Victoria/2/87, and B/Yamagata/ 16/88 and antiserum to swine influenza virus strain A/New Jersey/8/76/H1N1 were provided by the Laboratory Centre for Disease Control, Ottawa, Canada. i Monoclonal antibodies to influenza virus type A (MCA 400) and influenza virus type B (MCA 403) nucleoprotein antigenic determinants were obtained commercially. j Hyperimmune sera to swine influenza virus A/Wisconsin/49/76/H1N1 and Quebec isolates IAF 90-5303 and IAF 87-1192 were prepared in our laboratory. Following purification by isopycnic ultracentrifugation on sucrose density gradients, fractions corresponding to buoyant densities of 1.18 to 1.20 g/ml were collected and used to immunize guinea pigs and roosters following protocols described elsewhere. 8 The animals were tested by hemagglutination inhibition (HAI) and immunoelectron microscopy before and after immunization for the presence of specific anti-influenza virus antibodies. 8 Hemagglutination (HA) and hemagglutination inhibition (HAI) tests. Microhemagglutination tests were done using U-type microplates and rooster erythrocytes, as mentioned in a previous report 9 HAI tests for the detection of antibodies in clinical specimens or hyperimmune sera were done at 4 C, as previously described. 8, 9 HAI titers were expressed as the reciprocal of the highest serum dilution that inhibited 8 HA units of virus.
Experimental animals. Landrace x Yorkshire F, piglets, delivered by caesarian section and deprived of colostrum, were obtained from an SPF herd. This herd was tested for encephalomyocarditis virus (EMCV), porcine parvovirus (PPV; NADL-4 strain), swine influenza virus (A/Wisconsin/ 49/76/H1N1 strain), hemagglutinating encephalomyelitis virus (HEV; 67N strain), and transmissible gastroenteritis virus (TGEV; Purdue strain) and was negative. Gnotobiotic piglets were randomly divided into 3 isolators and were fed an iron fortified sterilized milk replacer.
Experimental design. Six-day-old gnotobiotic piglets were inoculated by the intranasal route with 2 ml of filtered (0.45pm pore size membranes) and clarified infected allantoic fluid containing 64-128 HA units of virus. Infected piglets received another dose of virus the next day. Controls were inoculated with PBS. Two groups of 4 piglets were inoculated either with atypical influenza virus isolate HYA-KLOP or IAF-0603. The viruses were administered to the animals after only 2 passages in embryonating hens' eggs. Clinical symptoms of disease were recorded daily during a period that lasted up to 18 days. Tissues and blood samples were collected from day 4 to day 18 postinoculation.
immunofluorescence on frozen tissue sections was also conducted as previously described, 7 using anti-swine influenza virus hyperimmune rabbit serum and fluorescein-conjugated anti-rabbit IgG. k Histopathologic examination. Tissue specimens from naturally or experimentally infected piglets were fixed in 10% neutral buffered formalin, and paraffin sections (5 µn thick) were routinely processed for the hematoxylin-phloxin-safran (HPS) staining method, as described previously. 7 Indirect embryonating hens' eggs ( Table 1) . Four of the isolates were recovered from farms that were experiencing exoften developed secondary bacterial skin infections, plosive outbreaks of classical influenza disease in pigs of all age groups, including adults. The clinical signs were high fever (up to 41.5 C), anorexia, lethargy, nasal polyserositis, pneumonia, and meningitis, which re-and eye discharges, and coughing of variable intensity. Recovery from the clinical signs was usually rapid with sulted in stunting and a rising death rate.
insignificant mortality rates. The five other isolates Virus isolation was also attempted using several con-were recovered from pig farms that were experiencing tinuous pig cell lines, Vero cells and baby hamster chronic respiratory episodes characterized by high kidney (BHI)-21 cells. A concomitant EMCV infec-mortality rates, numerous secondary infections, varition was diagnosed on 2 of the farms that had expe-able coughing, dyspnea, and polypnea. Three of these herds had previously (2-12 months prior to respiratory episodes) experienced reproductive disorders compatible with PRRS. These episodes were characterized by increased rates of mid-to late-term abortions, stillbirths and mummifications, and respiratory problems mainly in nursing and weaned piglets. Intermittent fever in piglets that lasted up to 40 days preceded by or was concurrent with clinical signs of respiratory problems in the nursery and growing sections. Ailing pigs
Results

Clinical and laboratory findings
Since May 1990, 9 isolates of atypical swine influ-rienced reproductive disorders by the detection of high enza viruses have been cultivated from lung tissues of EMCV antibody titers in sera of stillborn or aborted piglets with severe respiratory illness. These isolates fetuses and isolation of EMCV in Vero cells from varwere propagated by intra-allantoic inoculation of SPF ious clinical samples. Routine bacteriologic examination of multiple tissues from necropsied piglets and aborted fetuses yielded a wide range of pathogenic (Streptococcus suis, Actinomyces pleuropneumoniae, Staphylococcus aureus> and opportunist microorganisms. Negative or insignificant antibody titers against TGEV, PPV, EMCV, HEV, swine influenza virus H1N1, and two bovine viruses (bovine viral diarrhea virus and infectious bovine rhinotracheitis virus) were detected in the sera of convalescent pigs obtained from 28 farms located in the same geographic areas. The absence of antibody to pseudorabies and hog cholera viruses in 50 sera that originated from 5 of these farms was confirmed by the Serology Laboratory, Animal Diseases Research In-stitute, Agriculture-Canada, Nepean, Ontario (Dr. G. C. Dulac, personal communication).
At necropsy, macroscopic lesions included the overall appearance of pale animals, general lymphadenopathy, hepatic congestion, and consolidation and rubbery texture of the lungs. Histopathologic findings were mainly proliferative pneumonia with a significant macrophage invasion, necrotic macrophages and cellular debris in the alveoli, proliferation of type II pneumocytes, and thickening of the alveolar septa. Purulent bronchopneumonia frequently complicated the lesions mentioned above. Fluorescent antibody examination of fetal tissues and lungs of sick piglets did not demonstrate PPV, TGEV, or EMCV. However, in a few piglets evidence of the presence of an influenza virus type A infection was demonstrated by indirect immunofluorescence (IIF) staining using monoclonal antibody directed to nucleocapsid protein (NP) of human type A influenza virus.
Lesions of necrotizing bronchiolitis were demonstrated in piglets from 2 farms with classical influenza disease, but in these cases, proliferation of type II pneumocytes was not observed.
Characteristics of influenza virus isolates
Following 3 successive passages in embryonating hens' eggs, each of the 4 influenza virus isolates, which were recovered from herds that had experienced both respiratory and reproductive disorders, agglutinated rooster erythrocytes with HA titers in clarified allantoic fluids ranging from 1/8 to 1/16 only. In comparison, HA titers ranging from 1/64 to 1/256 were obtained in cases of influenza isolates IAF-0703, IAF-2863, and IAF-3381, which were associated with episodes of typical inffluenza outbreaks that occurred during the same period. The 9 atypical swine influenza virus isolates could be propagated in MDCK cells provided 10 U/ml of trypsin was added to the culture medium. Under these conditions, the swine influenza virus isolates induced cytopathic changes in these cells that were characterized by cell rounding and clumping (Fig. 1) . After 3 successive passages in MDCK cells, complete degeneration of the monolayers was obtained within 6 days of incubation. However, low infectivity titers were recovered following propagation in MDCK cells (10 3-4 TCID 50 /ml) and HA titers of supernatant fluids reached only 1/8-1/16. At present, 2 of the atypical influenza virus isolates (IAF 90-5393 and HYA-KLOP) have been plaque purified at their 3rd passage in MDCK cells. Clearly defined round plaques 2-3 nm in diameter were observed 72-96 hours postinfection (Fig. 2) . HA titers of 1/64-1/128 could be reached after only 1 or 2 passages in SPF embryonating hens' eggs of the plaque-purified influenza virus isolates.
Sucrose density gradient centrifugation of the virus collected from allantoic fluid of embryonating eggs that were infected with plaque-purified IAF-5393 influenza virus isolate yielded 2 opalescent bands and 1 major absorbance peak corresponding to buoyant densities of 1.18-1.21 g/ml. (Fig. 3) . Aliquots from these fractions contained numerous enveloped and highly pleomorphic orthomyxovirus particles with a diameter ranging from approximately 75 to 160 nm and surrounded by a fringe of well-defined surface projections (Fig. 4 ).
Serotyping of atypical influenza virus isolates
By IIF, the tissue culture-adapted atypical swine influenza virus isolates IAF 90-5 393 and HYA-KLOP reacted positively to a monoclonal antibody directed against type A influenza virus NP, but no reaction was obtained with monoclonal antibody to type B NP.
Antigenic relationships among 9 Quebec swine influenza virus isolates, 2 reference North American swine influenza H1N1 subtypes, and human H1N1, H2N2, and H3N2 subtypes were studied by HA1 (Table 1) . For this purpose, not more than 2-3 passages in embryonating hens' eggs were done to avoid antigenic drifting and selection of variants that may occur with numerous passages. With the exception of isolates IAF-0703, IAF-2863, and IAF-7315, Quebec isolate IAF-3381 and other isolates that have been associated with typical influenza outbreaks during the last 2 years appeared serologically similar to the reference A/Wisconsin/49/76/H1N1 subtype (data not shown). Close antigenic relatedness was also demonstrated with swine influenza virus A/New Jersey/H1N1, and all typical Quebec influenza virus isolates failed to react with antiserum to human influenza virus A/Taiwan/H1N1. However, HA activity of plaque-purified Quebec IAF-5393 and HYA-KLOP isolates, as well as the 2 other isolates that have been associated with chronic episodes of influenza-like disease, was only partly inhibited by hyperimmune serum produced from reference swine influenza virus A/Wisconsin/H1N1 and A/New Jersey/H1N1 subtypes, and no inhibition was obtained with antisera to the human H1N1, H2N2, and H3N2 subtypes. The 9 atypical influenza virus isolates cross- reacted strongly with Quebec isolate IAF-1192 recovered in 1987. The majority of these atypical influenza virus isolates have been associated with PNP lesions.
Experimental inoculation studies
Clinicul signs and gross lesions. Six-day-old gnotobiotic piglets inoculated intranasally with the second passage of egg-adapted Quebec influenza virus isolates IAF-3060 and HYA-KLOP developed a short period of hyperthermia (40-40.5 C) within 12 hours postinoculation (PI), and a second peak was recorded by day 3 PI. Intermittent fever then recurred for up to 6 days. The pigs were slightly anorexic and lethargic for the first 2-3 days. By day 4 PI, all pigs were experiencing severe respiratory distress (dyspnea) and polypnea, but coughing was not a constant feature. Respiratory problems persisted for as long as 9 days PI, but no pig died. The control pigs remained normal. By days 4 and 6 PI, the lungs of experimentally infected piglets failed to collapse and were uniformly pinkish gray with occasional presence of small areas of congestion. A rubbery or meaty texture was felt in ventroanterior portions. The mediastinal lymph nodes were distended and edematous.
Histopathologic findings. Experimentally infected piglets that were killed 4-6 days PI had similar lesions as those described in field cases. The histopathologic lesions were confined to the lungs and were exudative, proliferative, and necrotizing. There was a multifocal proliferative pneumonia with mononuclear invasion and thickening of the alveolar septa. The alveoli were filled with protein-rich exudate, large macrophages, and necrotic cell debris (Fig. 5A, 5B) . A moderate proliferation of type II pneumocytes responsible for alveolar epithelialization and hyaline membrane formation in the lumen of the terminal alveolar ducts were observed. By days 6-9 PI, microscopic lesions were similar to those of days 4 and 6 except for significantly more extensive type II pneumocyte proliferation (Fig. 5C,  5D ). There were multiple lesions of necrotizing bronchiolitis, and the bronchiolar epithelium was sometimes hyperplastic (Fig. 5E, 5F ). Furthermore, piglets that were inoculated with influenza virus isolate HYA-KLOP showed moderate to extensive peribronchiolar and perivascular lymphocytic cell infiltration at days However, fluorescence of the alveolar epithelial lining 9 and 18 PI (Fig. 5G, 5H) .
was observed at days 4 and 6 PI using guinea pig hy-By days 4 and 6 PI, fluorescent antibody examinaperimmune serum to swine influenza virus isolate IAFtion of frozen lung sections from experimentally in-1192 and antiserum to influenza virus A/Wisconsin/ fected pigs for PPV, TGEV, and EMCV was negative. 49/76/HlNl (data not shown). 
Discussion
recent outbreaks of severe respiratory and occasional The present study was conducted to determine the reproductive problems on Quebec pig farms. Characserologic relationships and pathogenicity of swine influenza virus isolates that have been associated with terization of 9 egg-adapted and tissue culture-adapted virus isolates and experimental inoculation studies in gnotobiotic piglets demonstrated that a new antigenic to be responsible for a new type of pneumonia in pigs variant of swine influenza type A virus was associated previously characterized as proliferative and necrotizwith these respiratory disorders. Identification of the ing pneumonia or PNP. 14 virus was confirmed by electron microscopy and IIF During the last 30 years, major outbreaks of classical using monoclonal antibodies (MAbs) directed against swine influenza disease have been frequently reported influenza virus type A NP. This virus was also found in the USA and Canadian provinces.
Typically, swine influenza is recognized as an acute febrile respiratory disease with high morbidity and low mortality. Fever, nasal and eye discharges, lethargy, anorexia, and severe spasms of coughing are certain features frequently associated with the influenza virus infection. Most predominant microscopic lesions are acute necrotic bronchitis and bronchiolitis, and serocellular pneumonia mainly located in the cranioventral lobes. It is still unclear if swine influenza is associated directly with reproductive, far-rowing, and neonatal problems. 10 The clinical and pathologic findings described in the current study differ considerably from those of classical swine influenza. Coughing was not a constant feature observed on these farms, and respiratory distress was more severe; rapid abdominal thumping was a predominant clinical sign. The disease often persisted up to 3-4 months, and high mortality rates were common in newborn and growing piglets. Gross pulmonary lesions were unusual because the entire lung was diffusely reddened and meaty in consistency. Alveoli filled with protein-rich fluid and necrotic cellular debris and hyperplasia of type II pneumocytes are not frequently observed in classical influenza disease. 15, 19, 21 Surveillance studies during the last 15 years in the USA and in Canada indicate that the H1N1 influenza virus is the major subtype circulating among North American pigs. 5,10,1l This subtype has been antigenitally and genetically stable over the last 25 years, suggesting that the swine virus is not changing antigenitally as rapidly as is the influenza virus in humans. 10, 20 Since 1980, H3 swine influenza virus has been frequently involved in swine influenza in Europe and Hong Kong 5, 11 The situation is quite different in North America, where subtype H3 viruses that are antigenically similar to current H3 human viruses circulate at very low frequency in swine. 5 Another H1N1 influenza virus, more closely related to avian influenza virus, has caused disease in European pigs but has not been observed in North America. 5, 20 The present study focused on the antigenic relatedness of the hemagglutinin of the Quebec isolates. As previously mentioned by several authors, 11 there are obvious limitations in this approach. In comparing current H1Nl viruses isolated from pigs with those isolated from turkeys, ducks, and humans, using a panel of 60 MAbs that recognized at least 4 antigenic sites on the HA, changes in the antigenic sites have been detected on the basis of HAI reactivity. 20 However, results by enzyme-linked immunosorbent assay with these MAbs indicate that the antigenic sites on the hemagglutinin of enzootic swine viruses, as well as the swine viruses transmissible to other species, are highly conserved. Thus, the fact that a number of H1N1 isolates failed to react with MAbs in HAI assays may reflect changes in receptor binding properties rather than antigenic differences. Furthermore, some antigenic determinants located on the HA glycoprotein are not involved in serum neutralization or HAI, and polyclonal as well as MAbs recognize only a very small portion of the HA molecule. Consequently, a comparison of the genes coding for the hemagglutinins is needed to obtain more definitive evaluation of this relatedness. It may be also necessary to compare other genes to determine whether antigenic variations and the unusual pathogenicity of these Quebec isolates involves the HA alone or other viral proteins or genes. On the basis of previous findings with European swine H1N1 isolates, genetic reassortment between swine viruses and human or avian H1N1 strains is one of the major mechanisms used to explain the emergence of new antigenic variants. 10, 11, 20 Laboratory studies have demonstrated that H1N1 avian strains are capable of infecting and replicating in pigs and even of being transmitted to other pigs. 10 Production of MAbs directed against defined epitopes of virus protein, peptide mapping, and oligonucleotide finger printing of RNA are presently in progress to establish the meaning of the antigenic variability that has been identified among the Quebec swine influenza virus isolates. Using A/swine/New Jersey/76 and A/swine/Wis-Previous authors have suggested that abortions and consin/76 as the reference swine influenza strains, we stillbirths seen prior to or concurrent with the respifound that recent swine isolates from Quebec pig farms ratory problems in Quebec pig farms were a consepossess a hemagglutinin distinguishable from subtype quence of the high fever suffered by the sows. 14 Based H1N1 typically associated with pigs in North America. on this hypothesis, the new antigenic variant of swine Polyclonal antisera to reference subtypes only partially influenza was suggested as a major causative agent of inhibited HA activity of the Quebec isolates, but anthe PRRS syndrome or mystery swine disease in Quetisera produced to a plaque-purified Quebec isolate bec. Although results of the current study clearly esdesigned IAF-5393 inhibited HA activity of the reftablish the role of this new antigenic variant of swine erence subtypes at the same titers as did the homolinfluenza virus in the PPN, its role in the reproductive ogous isolate. These results suggest that recent Quebec problems still is unclear and for many reasons appears isolates share antigenic determinants commonly found doubtful. First, there is serologic evidence suggesting in reference subtypes but they also possess unique mathat this new variant of swine influenza virus was aljor epitopes that may be important in determining their ready present in Quebec before the occurrence of severe unusual pathogenicity. outbreaks of swine infertility and respiratory syndrome in 1988. 13 
